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DETAILED ACTION 



Claim Rejections - 35 USC § 103 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

2. Claims 20-25 are rejected under 35 U.S.C. 103(a) as being unpatentable over US Patent 
No. 6,064,105 to Li et al. in view of US Patent No. 6,303,432 to Horita et al. and US Patent No. 
6,548,373 to Chuang et al. 

Regarding claim 20, Li et al. teach the first layer (112) comprises an epitaxial growth 

layer. 

Regarding claim 21, Li et al. teach removing the polishing stopper layer (116) after 
planarizing the dielectric layer (122). 

Regarding claim 22, Li et al. teach an oxidizing at least a portion of the first layer (1 12) in 
the at least one trench prior to forming the dielectric layer in and above the trench. 

Regarding claim 23, Li et al. teach forming a pad layer (1 14) between the first layer (112) 
and the polishing stopper layer (116). 

Regarding claim 24, Li et al. (figures 3a-m) teach a method for manufacturing a 
semiconductor device including a trench isolation region, the method comprising: 

providing a semiconductor substrate (110) having a first layer (112); 

forming a pad layer (1 14) on the first layer (112); 
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forming a polishing stopper layer (1 16) on the pad layer (114); 
forming at least one trench by etching the first layer (1 12) while using at least the 
polishing stopper layer (1 16) as a mask; 

forming a dielectric layer (122) in and above the trench; 

planarizing the dielectric layer using the polishing stopper layer (1 16) as a stopper; 
removing the polishing stopper layer (116) after planarizing the dielectric layer (122); 
removing the pad layer (114) after the moving the polishing stopper layer (116); 
forming a sacrificial oxide layer (136) on the first layer (112) after the removing the pad 
layer (114); and 

implanting impurities to form a well in the first layer adjacent to the trench. 

Li et al. differ from the claimed invention by not showing implanting impurities to form a 
well in the first layer adjacent to the trench after the thermally treating the dielectric layer. 
However, Horita et al. teach forming a well after the thermally treating the dielectric layer 
(column 9 5 lines 9-16). Therefore, it would have been obvious to one having ordinary skill in the 
art at the time the invention was made to incorporate the teaching of Horita et al. into the method 
taught by Li et al. because it eliminates the contamination and recovers the polishing defect. The 
combined device shows implanting impurities to form a well in the first layer adjacent to the 
trench after the thermally treating the dielectric layer. 

Li et al. and Horita et al. differ from the claimed invention by not showing thermally 
treating the dielectric layer after the forming the sacrificial oxide layer. However, Chuang et al. 
(figures 1 a-c) teach thermally treating the dielectric layer after forming sacrificial oxide layer 
(column 3, lines 5-44). Therefore, it would have been obvious to one having ordinary skill in the 
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art at the time the invention was made to incorporate the teaching of Chuang et al. into the 
method taught by Li et al. and Horita et al. because it reduces the damage of silicon layer. The 
combined device shows thermally treating the dielectric layer after the forming the sacrificial 
oxide layer. 

Li et al. 5 Horita et al. and Chuang et al. further differ from the claimed invention by not 
showing thermally treating the dielectric layer at a temperature of at least about 1050° C after the 
forming the sacrificial oxide layer. It would have been obvious to one having ordinary skill in 
the art at the time the invention was made for thermally treating the dielectric layer to a thermal 
treatment at a temperature of at least 1050° C because it eliminates the contamination and 
recovers the polishing defect. Furthermore, it has been held that where the general conditions of 
a claim are disclosed in the prior art, discovering the optimum or workable ranges involves only 
routine skill in the art. In re Aller, 105 USPQ 233. 

Regarding claim 25, Li et al., Horita et al. and Chuang et al. differ from the claimed 
invention by not showing the thermally treating the dielectric layer is carried out in an 
atmosphere comprising 0.1 volume % to 10 volume % oxygen. It would have been obvious to 
one having ordinary skill in the art at the time of the invention was made for the thermally 
treating the dielectric layer is carried out in an atmosphere comprising 0.1 volume % to 10 
volume % oxygen because it is densified the dielectric layer. Furthermore, it has been held that 
discovering an optimum value of a result effective variable involves only routine skill in the art. 
In re Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA 1980). 
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3. Claim 26 is rejected under 35 U.S.C. 103(a) as being unpatentable over Li et al. and 
Horita et al. in view of Chuang et al., and further in view of US Patent No. 6,165,854 to Wu. 

Regarding claim 26, the disclosures of Li et al., Horita et al. and Chuang et al. are 
discussed as applied to claims 20-25 above. 

Li et al., Horita et al. and Chuang et al. differ from the claimed invention by not showing 
the dielectric layer is formed using high density plasma chemical vapor deposition. However, 
Wu teaches the dielectric layer (14) is formed using high density plasma chemical vapor 
deposition (column 4, lines 28-31). Therefore, it would have been obvious to one having 
ordinary skill in the art at the time the invention was made to incorporate the teaching of Wu into 
the method taught by Li et al., Horita et al. and Chuang et al. because it improves the dielectric 
property of the dielectric layer. 

4. Claims 32-34, 38 and 39 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
US Patent No. 6,064,105 to Li et al. in view of US Patent No. 6,303,432 to Horita et al. and US 
Patent No. 6,028,339 to Frenette et al. 

Regarding claim 32, Li et al. (figures 3a-m) teach a method for manufacturing a 
semiconductor device, comprising: 

providing a semiconductor layer (112); 

forming a plurality of trenches in the semiconductor layer (112); 
forming a thermal oxide layer (120) on the semiconductor surface in the trenches; and 
depositing a dielectric layer (122) into the trenches and filling the trenches with the 
dielectric layer (122). 
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Li et al. differ from the claimed invention by not showing the thermally treating the 
dielectric layer in the trenches at a temperature about 1050° C. It would have been obvious to 
one having ordinary skill in the art at the time the invention was made for the thermally treating 
the dielectric layer in the trenches at a temperature about 1050° C because it is densified the 
dielectric layer, eliminates the contamination and recovers the polishing defect. Furthermore, it 
has been held that discovering an optimum value of a result effective variable involves only 
routine skill in the art. In re Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA 1980). 

Li et al. differ from the claimed invention by not showing implanting impurities to form a 
well after the thermally treating the dielectric layer. However, Horita et al. teach forming a well 
after the thermally treating the dielectric layer (column 9, lines 9-16). Therefore, it would have 
been obvious to one having ordinary skill in the art at the time the invention was made to 
incorporate the teaching of Horita et al. into the method taught by Li et al. because it eliminates 
the contamination and recovers the polishing defect. The combined device shows implanting 
impurities to form a well after the thermally treating the dielectric layer. 

Li et al. and Horita et al. further differ form the claimed invention by not showing forming 
a well region between a first trench and a second trench of the plurality of trenches, wherein the 
first trench is adjacent to the second trench, and wherein the well region is formed to extend 
continuously in the semiconductor layer from the first trench to the second trench. However, 
Frenette et al. (figure 1) teach forming a well region between a first trench and a second trench of 
the plurality of trenches, wherein the first trench is adjacent to the second trench, and wherein the 
well region is formed to extend continuously in the semiconductor layer from the first trench to 
the second trench. It would have been obvious to one having ordinary skill in the art at the time 
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the invention was made to incorporate the teaching of Frenette et al. into the device taught by Li 
et al. and Horita et al. since it is a well known method. 

Regarding claim 33, the combined device shows the dielectric layer (Li et al.; 122) is 
formed in direct contact with the thermal oxide layer (Li et al.; 120) in the trenches (Li et al.; 
118a, 118b). 

Regarding claim 34, Li et al., Horita et al. and Frenette et al. differ from the claimed 
invention by not showing the dielectric layer is formed with a film density of at lest 2.1 g/cm . It 
would have been obvious to one having ordinary skill in the art at the time the invention was 
made for the dielectric layer is formed with a film density of at least 2.1 g/cm 3 because it 
provides a good gap-fill characteristic. Furthermore, it has been held that discovering an 
optimum value of a result effective variable involves only routine skill in the art. In re Boesch, 
617 F.2d 272, 205 USPQ 215 (CCPA 1980). 

Regarding claim 38, the combined device shows forming a polishing stopper layer (Li et 
al.; 1 16) on the semiconductor layer (Li et al.; 112) prior to form the plurality of trenches (Li et 
al.; 118a, 118b); 

forming openings in the polishing stopper layer (Li et al.; 116) above the regions in the 
semiconductor layer where the plurality of trenches are to be formed; 

forming the dielectric layer (Li et al; 122) in the openings and on the polishing stopper 

layer; 

planarizing the dielectric layer using the polishing stopper layer as a stop; and 
removing the polishing stopper layer after planarizing the dielectric layer and prior to the 
thermally treating the dielectric layer (Horita et al.). 
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Regarding claim 39, the combined device shows forming an oxide pad layer (Li et al.; 
1 14) on the semiconductor layer (Li et al.; 1 12) prior to form the polishing stopper layer (Li et 
al.; 116). 

5. Claims 35-37 are rejected under 35 U.S.C. 103(a) as being unpatentable over Li et al. and 
Horita et al. in view of Frenette et al., and further in view of US Patent No. 6,165,854 to Wu. 

The disclosures of Li et al., Horita et al. and Frenette et al. are discussed as applied to 
claims 32-34, 38 and 39 above. 

Regarding claim 35, Li et al., Horita et al. and Frenette et al. differ from the claimed 
invention by not showing the dielectric layer is formed using high density plasma chemical vapor 
deposition. However, Wu teaches the dielectric layer (14) is formed using high density plasma 
chemical vapor deposition (column 4, lines 28-31). Therefore, it would have been obvious to 
one having ordinary skill in the art at the time the invention was made to incorporate the teaching 
of Wu into the method taught by Li et al., Horita et al. and Frenette et al. because it improves the 
dielectric property of the dielectric layer. 

Regarding claim 36, the combined device shows the semiconductor layer (Li et al.; 112) 
comprises an epitaxial growth layer formed on a semiconductor substrate (Li et al.; 1 10). 

Regarding claim 37, Li et al., Horita et al., Frenette et al. and Wu differ form the claimed 
invention by not showing the epitaxial growth layer has a thickness of at least 2 micrometer. It 
would have been obvious to one having ordinary skill in the art at the time the invention was 
made for the epitaxial growth layer has a thickness of at least 2 micrometer because it grows 
over ion implantation, so that the thickness of the doped layer may be readily controlled. 
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Furthermore, it has been held that discovering an optimum value of a result effective variable 
involves only routine skill in the art. In re Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA 1980). 

6. Claims 40-49, 51-56, 60, 61 and 62 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over US Patent No. 6,064,105 to Li et al. in view of US Patent No. 6,087,243 to 
Wang. 

Regarding claim 40, Li et al. (figures 3a-m) teach a method for manufacturing a 
semiconductor device having a trench isolation region, the method comprising: 

forming a polishing stopper layer (1 16) on a semiconductor layer (112); 

forming an opening in the polishing stopper layer (116) and a trench in the semiconductor 
layer (110); 

forming a dielectric layer (122) in the trench, in the opening in the stopper layer (116), 
and on the stopper layer; 

planarizing the dielectric layer (122) using the polishing stopper layer (1 16) as a stopper; 

and 

removing the polishing stopper layer (116) after the planarizing the dielectric layer (122); 

Li et al. differ from the claimed invention by not showing conducting a thermal treatment 
of the dielectric layer after removing the polishing stopper layer. However, Wang teaches 
conducting a thermal treatment of the dielectric layer after removing the polishing stopper layer 
(column 6, lines 44-60). Therefore, it would have been obvious to one having ordinary skill in 
the art at the time the invention was made to incorporate the teaching of Wang into the method 
taught by Li et al. because it is densified the dielectric layer, eliminates the contamination and 
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recovers the polishing defect. The combined device shows conducting a thermal treatment of the 
dielectric layer after removing the polishing stopper layer and forming a well in the 
semiconductor layer after the thermal treatment of the dielectric layer. 

Li et al. and Wang differ from the claimed invention by not showing the thermal treatment 
is conducted at a temperature of at least 1050° C. It would have been obvious to one having 
ordinary skill in the art at the time the invention was made for the thermal treatment is conducted 
at a temperature of at least 1050° C because it eliminates the contamination and recovers the 
polishing defect. Furthermore, it has been held that where the general conditions of a claim are 
disclosed in the prior art, discovering the optimum or workable ranges involves only routine skill 
in the art. In re Aller, 105 USPQ 233. 

Regarding claim 41, the combined device shows forming a pad layer (Li et al.; 1 14) on 
the semiconductor layer (Li et al.; 1 12) prior to form the polishing stopper layer (Li et al.; 1 16), 
wherein the pad layer is formed between and in direct contact with the semiconductor layer and 
the polishing stopper layer. 

Regarding claim 42, the combined device shows the opening in the polishing stopper 
layer (Li et al.; 1 16) also extends through the pad layer (Li et al.; 1 14). 

Regarding claim 43, Li et al. and Wang differ from the claimed invention by not showing 
isotropically etching the pad layer and upper portions of the dielectric layer after the removing 
the polishing stopper layer and prior to the conducting the thermal treatment. It would have been 
obvious to one having ordinary skill in the art at the time the invention was made for 
isotropically etching the pad layer and the dielectric layer because it proceeds in all directions at 
the same rate. 
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Regarding claim 44, the disclosures of Li et al. and Wang are discussed as applied to 
claim 43 above. The combined device further shows etching exposes upper surfaces of the 
semiconductor layer (Li et al.; 1 12). 

Regarding claim 45, the disclosures of Li et al. and Wang are discussed as applied to 
claims 43-44 above. The combined device further shows an oxide layer (Li et al.; 122) is formed 
on the exposed upper surfaces of the semiconductor layer (Li et al.; 112) after the etching and 
prior to the forming a well in the semiconductor layer. 

Regarding claim 46, the combined device shows the oxide layer (Li et al.; 122) is formed 
prior to the conducting a thermal treatment of the dielectric layer. 

Regarding claim 47, Li et al. and Wang differ from the claimed invention by not showing 
the dielectric layer is formed with a film density of at lest 2.1 g/cm 3 . It would have been obvious 
to one having ordinary skill in the art at the time the invention was made for the dielectric layer 
is formed with a film density of at least 2.1 g/cm 3 because it provides a good gap-fill 
characteristic. Furthermore, it has been held that discovering an optimum value of a result 
effective variable involves only routine skill in the art. In re Boesch, 617 F.2d 272, 205 USPQ 
215(CCPA 1980). 

Regarding claim 48, Li et al. and Wang differ from the claimed invention by not showing 
the temperature of the thermal treatment is 1 100° C or higher. It would have been obvious to one 
having ordinary skill in the art at the time the invention was made for the temperature of the 
thermal treatment is 1 100° C or higher because it eliminates the contamination and recovers the 
polishing defect. Furthermore, it has been held that where the general conditions of a claim are 
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disclosed in the prior art, discovering the optimum or workable ranges involves only routine skill 
in the art. In re Aller, 105 USPQ 233. 

Regarding claim 49, Li et al. and Wang differs from the claimed invention by not showing 
the temperature of the thermal treatment is in the range 1050° C to 1250° C. It would have been 
obvious to one having ordinary skill in the art at the time the invention was made for the 
temperature of the thermal treatment is in the range 1050°C to 1 250° C because it eliminates the 
contamination and recovers the polishing defect. Furthermore, it has been held that where the 
general conditions of a claim are disclosed in the prior art, discovering the optimum or workable 
ranges involves only routine skill in the art. In re Aller, 105 USPQ 233. 

Regarding claim 51, the combined device shows the trench includes sidewall surfaces and 
a bottom surface, the method further comprising of thermally oxidizing the sidewall surfaces and 
the bottom surface of the trench to form a thermal oxide layer (Li et al.; 120) thereon, wherein 
the dielectric layer (Li et al.; 122) is formed in direct contact with the thermal oxide layer (Li et 
al.; 120). 

Regarding claim 52, Li et al. and Wang differ from the claimed invention by not showing 
the thermally oxidizing the sidewall surfaces and the bottom surface of the trench is carried out 
at a temperature in the range of at 700° C to 1 1 50° C. It would have been obvious to one having 
ordinary skill in the art at the time the invention was made for the thermally oxidizing the 
sidewall surfaces and the bottom surface of the trench is carried out at a temperature in the range 
of at 700° C to 1 150° C because it eliminates the contamination and recovers the polishing defect. 
Furthermore, it has been held that where the general conditions of a claim are disclosed in the 
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prior art, discovering the optimum or workable ranges involves only routine skill in the art. In re 
Aller, 105 USPQ 233. 

Regarding claim 53, the disclosures of Li et al. and Wang are discussed as applied to 
claim 52. 

Regarding claim 54, Li et al. and Wang differ from the claimed invention by not showing 
the thermally oxidizing the sidewall surfaces and the bottom surface yields an oxidation layer 
having a thickness in the range of 10 nm to 100 nm. It would have been obvious to one having 
ordinary skill in the art at the time the invention was made for the thermally oxidizing the 
sidewall surfaces and the bottom surface yields an oxidation layer having a thickness in the range 
of 10 nm to 100 nm because it protects the damages on the surface of substrate. Furthermore, it 
has been held that where the general conditions of a claim are disclosed in the prior art, 
discovering the optimum or workable ranges involves only routine skill in the art. In re Aller, 
105 USPQ 233. 

Regarding claim 55, the combined device shows the semiconductor layer (Li et al.; 112) 
comprises an epitaxial growth layer formed on a semiconductor substrate (Li et al.; 110). 

Regarding claim 56, Li et al. and Wang differ from the claimed invention by not showing 
the trench is formed with a trench width of no greater than 0.35 micrometer. It would have been 
obvious to one having ordinary skill in the art at the time the invention was made for the trench 
is formed with a trench width of no greater than 0.35 micrometer because it reduces the thickness 
of the device. Furthermore, it has been held that discovering an optimum value of a result 
effective variable involves only routine skill in the art. In re Boesch, 617 F.2d 272, 205 USPQ 
215 (CCPA 1980). 
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Regarding claim 60, Li et al. (figures 3a-m) teaches a method for manufacturing a 
semiconductor device including a trench isolation region, the method comprising: 
providing a semiconductor layer (112); 

forming a pad oxide layer (1 14) on the semiconductor layer (112); 

forming a polishing stopper layer (1 16) in direct contact with the pad oxide layer (114), 
wherein the pad oxide layer (1 14) is positioned between the semiconductor layer (112) and the 
polishing spotter layer (116); 

forming a patterned resist layer on the polishing stopper layer (116), the patterned resist 
layer including an open region exposing part of the polishing stopper layer (116) over a trench 
formation region; 

using the patterned resist layer as a mask, etching the polishing stopper layer (116) and 
the pad oxide layer (1 14) so that a portion of the semiconductor layer (1 12) is exposed; 
after the etching removing the patterned resist layer; 

after the removing the patterned resist layer, etching the semiconductor layer (1 12) to 
form at least one trench therein, using the polishing stopper layer (1 16) as a mask; 
forming a dielectric layer (122) in and above the at least one trench; 
planarizing the dielectric layer (122) using the polishing stopper layer (1 16) as a stopper; 

and 

removing the polishing stopper layer (116) and the pad oxide layer (1 14). 

Li et al. differ from the claimed invention by not showing heating the dielectric layer. 
However, Wang teaches heating the dielectric layer (column 6, lines 44-60). Therefore, it would 
have been obvious to one having ordinary skill in the art at the time the invention was made to 
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incorporate the teaching of Wang into the method taught by Li et al. because it is densified the 
dielectric layer, eliminates the contamination and recovers the polishing defect. The combined 
device shows heating the dielectric layer. 

Li et al. and Wang differ from the claimed invention by not showing the thermal treatment 
is conducted at a temperature of at least 1050°C. It would have been obvious to one having 
ordinary skill in the art at the time the invention was made for the thermal treatment is conducted 
at a temperature of at least 1050° C because it eliminates the contamination and recovers the 
polishing defect. Furthermore, it has been held that where the general conditions of a claim are 
disclosed in the prior art, discovering the optimum or workable ranges involves only routine skill 
in the art. In re Aller, 105 USPQ 233. 

Regarding claim 61, the combined device shows after forming the at least one trench and 
prior to form the dielectric layer (Li et al.; 122), forming a thermal oxide layer (Li et al.; 120) on 
the semiconductor substrate (Li et al.; 1 10) in the at least one trench. 

Regarding claim 62, Li et al. and Wang differ from the claimed invention by not showing 
the thermal treatment is conducted at a temperature of at least 1050° C. It would have been 
obvious to one having ordinary skill in the art at the time the invention was made for the thermal 
treatment is conducted at a temperature of at least 1050° C because it eliminates the 
contamination and recovers the polishing defect. Furthermore, it has been held that where the 
general conditions of a claim are disclosed in the prior art, discovering the optimum or workable 
ranges involves only routine skill in the art. In re Aller, 105 USPQ 233. 
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7. Claim 50 is rejected under 35 U.S.C. 103(a) as being unpatentable over Li et al. in view of 
Wang, and further in view of US Patent No. 6,165,854 to Wu. 

Regarding claim 50, the disclosures of Li et al. and Wang are discussed as applied to 
claims 40-49, 51-56, 60, 61 and 62 above. 

Li et al. and Wang differ from the claimed invention by not showing the dielectric layer is 
formed using high density plasma chemical vapor deposition. However, Wu teaches the 
dielectric layer (14) is formed using high density plasma chemical vapor deposition (column 4, 
lines 28-31). Therefore, it would have been obvious to one having ordinary skill in the art at the 
time the invention was made to incorporate the teaching of Wu into the method taught by Li et 
al. and Wang because it improves the dielectric property of the dielectric layer. 

Response to Arguments 

Applicant's arguments with respect to claim 20-26, 32-56 and 60-62 have been 
considered but are moot in view of the new ground(s) of rejection. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Quang D Vu whose telephone number is 703-305-3826. The 
examiner can normally be reached on Monday-Friday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie Lee can be reached on 703-308-1690. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 



Application/Control Number: 09/930,365 
Art Unit: 2811 



Page 17 



Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is 703-308-0956. 



qv 

January 22, 2004 




LEE 
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